A lumbar hernia is a rare entity, and a bilateral lumbar hernia is much rarer. From May 2015 to October 2017, we treated only three patients with bilateral lumbar hernias. One patient came to the hospital presenting with right-sided abdominal pain, and the other two patients presented with bilateral lumbar masses. The previous bilateral lumbar hernia reported in the literature was repaired by open surgery.
INTRODUCTION
Lumbar hernias, which are rare abdominal wall hernias, are the protrusion of the extraperitoneal fat or intra-abdominal contents through a defect in the posterolateral abdominal wall. The existence of lumbar hernias was first described by Cavallaro et al [1] , and the first case was reported by Moreno-Egea et al [2] in 1731. The proportion of lumbar hernias to all abdominal hernias is less than 1.5%, and most of them are unilateral [3, 4] . To date, approximately 300 cases of lumbar hernias have been reported in the world [2] , and cases of bilateral lumbar hernias are even rarer [5, 6] . Open hernia repair, which is used as the conventional approach, has been proven to be a safe and effective treatment option. Currently, with the development of laparoscopic technology, laparoscopic herniorrhaphy is increasingly used for the treatment of lumbar hernias [7, 8] . Compared with the conventional approach, laparoscopic lumbar hernia repair has several advantages, such as mild postoperative pain, fewer perioperative complications, a shorter hospital stay, a faster recovery to normal activity, and a similar recurrence rate [9] . Nevertheless, there is no relevant standard in the detailed procedures of laparoscopic Huang DY et al . Transabdominal preperitoneal technique for bilateral lumbar hernia lumbar hernia surgery, nor in the type and fixation of meshes, due to the limited number of laparoscopic surgeries that have been performed. All of the currently reported bilateral lumbar hernias were repaired by open surgery [10, 11] . As with inguinal hernias, the laparoscopic technique in bilateral lumbar hernia repair is expected to be superior compared with open surgery, as long as the technique is available. Recently, we completed three cases of laparoscopic bilateral lumbar hernia repair via the transabdominal preperitoneal (TAPP) procedure using self-gripping mesh, and demonstrated the feasibility of this technique. To the best of our knowledge, this is the first report of the laparoscopic approach for the treatment of bilateral lumbar hernias. In addition, this report is followed by a literature review of lumbar hernias with regard to their etiologies, anatomical characteristics, clinical features, diagnoses, and surgical treatments.
CASE REPORT
From May 2015 to October 2017, three patients were diagnosed with bilateral lumbar hernias and treated. The baseline characteristics of the patients are shown in Table 1 . Computed tomography imaging demonstrated the existence of bilateral lumbar hernias ( Figure 1A ). For the operation, the patient was placed under general anesthesia in a 60° lateral position. The first 10 mm trocar was introduced by a mini-incision above the umbilicus for insufflation of carbon dioxide and for a 30° angled laparoscope. The other trocars were placed under direct vision. The second 5 mm trocar was introduced at the midpoint of the xiphoid and umbilicus, and the third 5 mm trocar was introduced at the midpoint of the umbilicus and pubic symphysis ( Figure  2A ). The ascending colon or descending colon was clamped off with non-injury clamps to maintain tension. The peritoneum was cut above the paracolic sulci, and the extraperitoneal tissue was separated to fully expose the defect and hernia contents ( Figure 2B ). The hernia contents, such as the colon and mesentery from the defect, were carefully divided and then returned completely ( Figure 2C ). Subsequently, the preperitoneal space along the midline was freed to expose the psoas major. The head and tail sides of the psoas major were freed to approximately 6 cm in length ( Figure   2D ). A 15 cm × 9 cm self-gripping Parietex ProGrip ™ mesh (Sofradim Production, Trévoux, France) was fully unfolded and placed onto the psoas major ( Figure  2E ). The long axis of the patch was consistent with the direction of the psoas major, and the center of the patch was consistent with the defect. The margin of the patch overlapped with the defect for at least 3 cm in every direction. Next, 2-0 Prolene was used to suture and reinforce the four corners of the patch when the defect was relatively large, and a 3-0 absorbable suture-line was used to close the peritoneum with a continuous suture ( Figure 2F ). Carbon dioxide was released, each trocar was pulled out, and the patient's position was adjusted to the contralateral position. Then, the contralateral lumbar hernia was repaired in the same manner. Finally, no intraperitoneal or retroperitoneal drain was placed. All of the operations were successful, and none of the patients required a conversion to laparotomy. The patients resumed a semi-liquid diet and had unlimited activity at six hours following the operation. No antibiotics were used either before or after the surgery. The relative perioperative data are shown in Table 2 . All of the patients were discharged on the third day after the operation. There was no chronic pain and no hernia recurrence during the six month follow-up.
DISCUSSION
Here, we reported the first case of performing the laparoscopic approach for the treatment of bilateral spontaneous lumbar hernias. Considering the rarity of spontaneous lumbar hernias, we included a literature review of lumbar hernias to better understand the disease. We have conducted a literature search on PubMed and found 14 papers about laparoscopic repair of spontaneous lumbar hernias, which are presented in Table 3 .
According to the underlying cause, lumbar hernias can be divided into primary lumbar hernias and secondary lumbar hernias. Primary lumbar hernias mostly occur in infancy and are often associated with an abnormal development of bones and abdominal muscles [24] . The majority of secondary lumbar hernias occur in middle-aged and elderly people, and the causes of secondary lumbar hernias include trauma, infection, surgery, etc. Surgery is the main cause of secondary lumbar hernias, especially surgeries using a back approach, such as nephrectomy, latissimus dorsi muscle transplantation and lumbar incision [25] . If some important anatomical structures of the back are not protected well, or anatomical structures of manmade destruction are not closed during the operation, postoperative lumbar hernias form relatively easily [19] . In addition, long-term cough, constipation, and other factors that cause increased intra-abdominal pressure are high-risk factors for secondary lumbar hernias [26] [27] [28] . Spontaneous lumbar hernias can be divided into the superior lumbar triangle hernias (Grynfeltt) and inferior lumbar triangle hernias (Petit), according to the location of the abdominal defect, both of which are naturally weakened areas in the dorsal abdominal wall [1] . Grynfeltt's triangle is located below the 12th rib, and is limited laterally by the internal oblique muscle and medially by the erector spinae muscle, with the transversus abdominis aponeurosis serving as its floor [29] . Sometimes, the serratus posterior inferior is also involved in the formation of the upper edge of Grynfeltt's triangle. Petit's triangle is limited medially by the latissimus dorsi, laterally by the external abdominal oblique muscle, and inferiorly by the iliac crest, with the internal oblique aponeurosis serving as its floor [29] . Due to the protective effect of internal oblique aponeurosis on Petit's triangle, the incidence of a Petit hernia is lower in comparison with a Grynfeltt hernia [1] . Additionally, the hernia contents may be extraperitoneal adipose tissue or various intraperitoneal organs, such as the colon, small intestine, kidney, liver, stomach, etc. [30, 31] . During the operations, especially during fixation, more [12] 4 × 3 TAPP PTFE Sutures 1997, Bickle et al [3] 3 × 3 TAPP PPL Tacks 2002, Postema et al [13] -TEP PPL Tacks 2003, Habib [14] 3 × 4 TAPP PPL Tacks 2004, Grauls et al [15] 3 × 5 TAPP PPL Tacks 2005, Ipek et al [16] 8 × 10 TAPP PTFE Tacks + sutures 2011, Lim et al [17] 5 × 6 TEP PPL Tacks + sutures 2011, Nam et al [18] 3 × 5 TAPP PPL Tacks 2013, Suarez et al [19] -TAPP -Tacks 2014, Wei et al [20] 3 × 3 TEP (Single incision) PPL Tacks 2015, Walgamage et al [4] 5 × 5 TAPP PPL Tacks 2016, Agresta et al [21] -TAPP Composite PPL Tacks 2017, Claus et al [22] 1.5 × 2 TAPP PPL Tacks 2018, Sarwal et al [23] 3 × 3 TAPP PPL Tacks + fibrin sealent Huang DY et al . Transabdominal preperitoneal technique for bilateral lumbar hernia attention should be paid to protecting nerves near the superior lumbar triangle, such as the ilioinguinal nerve, lateral femoral cutaneous nerve and genitofemoral nerve, to avoid chronic pain after surgery [19] . The majority of patients arrive at the hospital because of a protruding bulge in the posterior abdominal wall without having any subjective symptoms. A small subgroup of patients has some atypical symptoms, such as a backache and intercostal neuralgia, due to the oppression of the inner contents of the lumbar hernia. Very few patients with lumbar hernias show specific symptoms, such as bowel obstruction, hydronephrosis and hydroureter, because the contents are relevant to the abdominal organ [32] [33] [34] . In our study, two patients presented with a semispherical bulge in the back, while one patient presented with unexplained abdominal pain. A lumbar hernia should be distinguished from a lipoma, fibroma, hematoma, abscess and retroperitoneal tumor [16] . The main differences are that a lumbar hernia is reducible and that it will become larger when patients hold their breath to increase intra-abdominal pressure, while the mass in patients with the other diseases mentioned above is commonly unchanged. Nowadays, with the rapid development of radiation technology, an abdominal CT scan is playing an increasing role in assessing the complexity, actual contents, site and size of the hernia to formulate a suitable operative plan, although the diagnosis of lumbar hernias is based on clinical manifestation [2, 35] . Although lumbar hernias are a rare clinical entity, the surgical procedure for lumbar hernias is constantly evolving and changing ever since lumbar hernia repair was first reported by Owen in 1888. Open surgery for a lumbar hernia involves the following stages: direct suture repair, the Dowd technique, and mesh repair. Direct suture repair: after the contents of the hernia are returned and the hernia sac is ligated, the adjacent fascia and muscle are directly overlapped with a nonabsorbable suture. Direct suture repair is suitable for lumbar hernias with a defect < 2.5 cm in diameter, and is mainly used for the repair of primary lumbar hernias in children [36, 37] . When the diameter of the defect is too large, a direct suture will create great tension, which can easily lead to the postoperative recurrence of hernias [38] . In this method, the transversalis fascia is imbricated, and the defect is covered with a flap from the fascia and muscle [39] . This method effectively relieves local tension and reduces the recurrence rate of large lumbar hernias. However, the disadvantages of this method are that the operation is pretty complicated and the damage to the surrounding tissue is large. Complications, such as local hematoma and ischemic necrosis of the flaps, easily occur and will affect the overall success of the operation [38] . The creation of an artificial patch has changed the surgical method of traditional hernia repair. In 1963, Hafner et al [40] first used Marlex mesh to repair Petit's lumbar hernia with an uneventful postoperative course.
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Mesh repair reduces the tension during the repair of large hernias and avoids flap transplantation, which is quite traumatic and complicated, thus improving the success rate of herniorrhaphy and decreasing the postoperative recurrence rate. Nevertheless, mesh repair also has its disadvantages. Synthetic materials do not have the ability to resist infection. When the strangulated hernia combines with intestinal necrosis, artificial patches easily cause infection. Once the infection occurs, the patches must be removed. Upon reviewing the English literature, tension-free open herniorrhaphy with a synthetic mesh is currently the most widely-accepted surgery for lumbar hernia repair, and the optimal location for mesh placement is the preperitoneal space [38] . As with most abdominal wall hernias, the same principles apply to a lumbar hernia. The mesh should overlap the defect by 3-5 cm and should be fixed with nonabsorbable sutures. Although laparoscopic techniques are increasingly being used to repair hernias, open surgery still has advantages. For example, when the defect is very large, open surgery can use the stitches to directly close the abdominal wall defect for reinforcement. In addition, two meshes can be respectively placed on the peritoneum and muscle. The mesh can be fixed onto the iliac crest to decrease recurrence.
With the development of the laparoscopic technique, surgeons began to use a minimally-invasive surgery approach to repair lumbar hernias. Since Burick et al [7] reported the first case of laparoscopic lumbar hernia repair in 1996, relevant reports are increasing in number [41] . The patient is commonly placed in a lateral position with 45° elevation of the same side as the hernia to allow for the abdominal viscera to fall due to gravity to increase the exposure. As with open surgery, the placement of the patch through the laparoscopic approach is also in the preperitoneal space. Operating under direct vision can create a larger dissection area compared with open surgery, allowing the patch to be placed more accurately and flatter, and reducing the risk for injury to blood vessels and nerves. Laparoscopic lumbar hernia repair can be performed in a variety of ways. Currently, the TAPP and totally extraperitoneal techniques are the major laparoscopic procedures for lumbar hernias [17, 22] . Surgeons can directly observe the abdominal viscera via the TAPP approach, thus reducing the possibility of damaging these viscera. Meanwhile, TAPP provides a large operative space for ease of operation, can deal with relatively large defects, and is appropriate for the treatment of bilateral hernias. However, this procedure requires cutting and suturing the peritoneum. Totally extraperitoneal: under some conditions, for example, when the defect is small, totally extraperitoneal seems to be more convenient than TAPP because the incision and suturing of the peritoneum are not required, and because there is less interference with the abdominal cavity [42] . However, when the defect is large, it is difficult to place and fix the patch due to insufficient working space, and if only three ports Huang DY et al . Transabdominal preperitoneal technique for bilateral lumbar hernia are placed along the middle line, it is not suitable for bilateral lumbar hernias because of significant surgical injury. Sun et al [43] have performed the transabdominal partial extraperitoneal technique using an expanded polytetrafluoroethylene bilaminar mesh in laparoscopic lumbar hernia repair, which seems to be an alternative choice for the treatment of large lumbar hernias.
Regardless of the type of surgical procedure, direct suturing of the defect via the laparoscopic approach is not recommended. The selection and fixation of meshes are currently inconclusive. In the case of ensuring peritoneal integrity, polypropylene meshes are used by most surgeons. When the peritoneum cannot be completely closed and the patch is exposed to the abdominal cavity, a mesh that can prevent intestinal adhesion, such as a composite mesh with expanded polytetrafluoroethylene, must be used. The ways to fix the mesh in lumbar hernia repair are similar to those for fixing anterior abdominal hernias, which include staples, sutures, transmural sutures, and combinations of these tools [9] . Although these methods are effective based on the absence of recurrence, it is difficult to determine which one is the most superior because of the small number of cases. No matter what method is used for the fixation, special attention should be paid to the avoidance of nerve injury.
Bilateral primary lumbar hernias are rare because the bilateral superior and inferior lumbar triangles are generally asymmetrical. At present, all the bilateral lumbar hernias in the cases reported in the literature have been repaired by open surgery. To our knowledge, the laparoscopic procedure is superior for the management of bilateral inguinal hernias compared with open surgery [44, 45] . Based on the above consideration, we decided to use TAPP to repair bilateral lumbar hernias, despite the fact that there is no literature reporting the use of laparoscopic surgery for bilateral lumbar hernias. The operation was successfully performed in three patients, with mild postoperative pain, a shorter length of stay, and fewer complications compared with open surgery. We have observed the superiority of laparoscopic technique for bilateral lumbar hernias, its perioperative safety, and postoperative efficacy. The key points for this laparoscopic procedure are the location of the incision and the selection of the patient position. In the reported cases of lumbar hernia repair, the location of the observation ports was commonly in the umbilicus, while the location of the utility ports was not uniform. One method includes the two utility ports being placed along the middle line, approximately 5 cm from the observing port to reach both sides. Another method involves placing the ports along the midclavicular line on the ipsilateral side of the hernia. If the latter is used, five incisions must be performed for the bilateral lumbar hernia repair. Since none of the three patients were obese, we chose the first method in order to reduce the number of incisions. Our operations were successful, and the choice of incisions did not interfere with our surgeries. However, we think that if the patient is obese, this option for the incisions may cause complications for the operation. For obese patients, five incisions may be more appropriate. As for the patient's position, if the patient is in a horizontal position, the lateral tilt of the operation table can also be used to partly achieve the effect of the lateral decubitus position, with no re-sterilization or drape required during the operation. However, if all of the trocars are located in the midline, exposing the preperitoneal space can be difficult, especially when the space is dissected toward the midline. Therefore, we decided to use the lateral position that is reported in most of the literature. After a one-sided lumbar hernia was repaired completely, we temporarily bandaged the incision and re-sterilized, draped and inserted trocars to repair the other lumbar hernia. Generally, there is no difference between our operation and the laparoscopic repair of a unilateral lumbar hernia.
In the currently reported laparoscopic lumbar hernia repair literature, meshes need to be fixed with sutures or staples, and in the process of fixing the meshes, the most important thing is to avoid damaging the nerves. Although nerves can be seen directly before the patches are placed, it is not easy to observe when the patches have been placed and partially fixed. At present, there are no reports of chronic pain after laparoscopic lumbar hernia repair, but the result is catastrophic if it does happen. To avoid nerve damage, we used self-gripping meshes in our study, which is also the first report to use this patch for lumbar hernia repair. Birk et al [46] performed TAPP using these self-gripping meshes for 220 inguinal hernias that had a follow-up of 12 mo, and confirmed that the mesh is safe and efficient with low pain and a low recurrence rate. The meshes do not require additional fixation for small defects, and we only needed to sew four stitches at the edges of the mesh for large defects. This not only reduces or avoids the possibility of nerve damage, but also makes the surgeries faster and easier. In addition, the patients in our study only had mild pain after the operation and had no chronic pain or recurrence at follow-up.
In conclusion, a lumbar hernia is considered to be a clinically rare entity, while a bilateral lumbar hernia is even rarer. As with bilateral inguinal hernia repair, laparoscopic bilateral lumbar hernia repair via TAPP is technically feasible. Meanwhile, the use of self-gripping mesh can reduce or even avoid nerve damage and simplify the operation. To the best of our knowledge, this study is the first report of bilateral lumbar hernias that were repaired by the laparoscopic approach using self-gripping mesh without any complications, implying that it is a safe and feasible surgical procedure.
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Case characteristics
Two patients presented with bilateral lumbar masses without any clinical symptoms. One patient presented with right-sided abdominal pain, but she did not show any abdominal signs.
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